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Supramolecular system is mainly supported by non-covalent interaction such as 
hydrogen bonding, van der Waals force, hydrophilic/hydrophobic interaction and 
electrostatic interaction. For example, the secondary structure of protein is the 
polypeptide chain with hydrogen bonds to there by exist in folded conformation, 
including α-helix, β-sheet, β-turn and random coil. β-turn is more common in the 
functional area of the protein surface, and is a very important structural motif for the 
function of the protein, and to serve as structured element to construct supramolecular 
helix. Halogen bonding is a non-covalent interaction similar to hydrogen bonding, 
enabling formation of supramolecular helical structure. N-amidothiourea can be used 
to afford β-turn structure to mimic the secondary structure of polypeptide and protein, 
or as a helical backbone to form a supramolecular helical aggregate under halogen 
bonding.  
Based on the preliminary work of the laboratory, a series of dipeptide based 
N-amidothioureas were synthesized to study the effect of the terminal phenylalanine 
residues on the β-turn structure, and a series of halogen-substituted bilateral 
N-amidothioureas were synthesized to study the formation of supramolecular helical 
aggregates driven by the halogen bonding. 
The thesis consists of four chapters. 
In chapter 1, the research of the conformational regulation of β-turn 
peptidomimetics is reviewed, including the regulation of β-turn type and the progress 
of helical conformation caused by β-turn. Progresses of the formation of 
supramolecular aggregates driven by halogen bonding are introduced briefly. On this 
basis, the objectives of this thesis are presented. 
In chapter 2, synthesis and characterization of the dipeptide N-amidothioureas 
and bilateral N-amidothiourea based on alanine residue are described. 















were used as the backbone of β-turn, and the effects of terminal amino acid residue, 
i.e. phenylalanine, alanine and leucine on the β-turn type were investigated. Crystal 
structure, NMR technology, absorption and CD spectra show that the amidothiourea 
N-terminal modified dimethylated amino acid residues, i.e. alanine and leucine, the 
β-turn is predominantly type II, while the amidothiourea N-terminal modified 
dimethylated phenylalanine residue, the β-turn transformed to type I, which provides 
an feasible way to control the conformation of the peptide chain using natural amino 
acid. 
In chapter 4, a series of halogen-substituted bilateral N-amidothiourea were 
synthesized by using oxalic acid as the central linker. Absorption spectra, CD spectra 
and dynamic light scattering data showed that only the iodine-subsituted 
N-amidothiourea underwent supramolecular aggregation, due to the intermolecular 
halogen bonding interaction and the β-turn helical skeleton that promotes the 
formation of supramolecular aggregates. Taking data of bilateral N-amidothioureas 
with oxalic acid, terephthalic acid arm and 2,6-naphthalene dicarboxylic acid arms, It 
was concluded that the conjugation of the central arm of the bilateral N-amidothiourea 
directly relates to the chiral amplification of the formed supramolecular aggregates. 
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（supramolecular chemistry）。超分子化学起源于冠醚的发现[1]，由 1987 年诺贝


















































Scheme 1.1 Overview of the five turn structures. 
 



















别的重要部位。β-转角由四个氨基酸残基构成，第 i 个氨基酸残基的 C=O 与第 i+3
个氨基酸残基的 N-H 以分子内氢键键合形成一个紧密的环，使 β-转角趋于稳定
的结构。根据 β-转角结构中第 i+1 和第 i+2 个氨基酸残基之间的二面角数值和方
向，可将 β-转角结构划分为三种类型[23]（Table 1.1）。 
 
Figure 1.2 Three ideal types of β-turns. 
Table 1.1 Standard backbone angles for the major types of β-turn 
Turn ɸi+1(°) ψi+1(°) ɸi+2(°) ψi+2(°) 
βI -60 -30 -90 0 
βI' 60 30 90 0 
βII -60 120 80 0 
βII' 60 -120 -80 0 
βIII -60 -30 -60 -30 
βIII' 60 30 60 30 






























控短肽构象，设计合成了含脯氨酸残基的 PivCO-L-Pro-Xaa-NHMe (Xaa = C3Phe, 
Ac3, Phe)（C3Phe 指 2,3-甲桥苯丙氨酸，Ac3指 1-氨基环丙烷基羧酸，Phe 指苯丙
氨酸）系列二肽分子 1-7，其中二肽分子 5-7 为结构已知的对照分子。受 2,3-甲
桥苯丙氨酸自身手性和顺反结构的影响，PivCO-L-Pro-C3Phe-NHMe 二肽存在多
种对映体结构。1HNMR、FT-IR 和 X 射线粉末衍射实验表明，不同对映体中甲
桥苯丙氨酸的刚性结构导致侧链排列不同，PivCO-L-Pro-C3Phe–NHMe 二肽分子
对映异构体的晶体主要以 βII 型转角结构形式存在，溶液中则同时存在 βI 和 βII
型转角结构，βI/βII 型转角结构比例取决于 c3Phe 的手性和溶剂等。该结果表明
于含脯氨酸残基的二肽中引入苯丙氨酸衍生物时溶液相仍然具有形成 β-转角结
构的倾向，利用低极性溶剂中不同对映异构体的构型中侧链苯环的排列方式可调
控 βI/βII-转角结构的比例(Figure 1.3)。 
 
Figure 1.3 Molecular structure of 1-7; Schematic representation of a type I and type 
II β-turn for dipeptides 1-4 showing the anti or syn disposition of the Pro N-Cα and 



















于含脯氨酸残基的短肽中插入环丙烷结构的缬氨酸得到二肽 8 和 9。晶体结构揭
示两条二肽中 NHPr 和 BuCO 之间形成分子内氢键，促使二肽以 βII 型转角结构




Figure 1.4 Molecular structures of 8, 9; Stereoview of the crystal structure of 9 
showing a βII-turn and a distorted γ-turn  
N-酰胺基硫脲是一类拟肽分子，由氮杂多肽羰基上的氧原子被硫原子取代得




Scheme 1.2 Structures of peptides, N-amidoureas and N-amidothioureas. 
本课题组[28]于硫脲结构中引入苯丙氨酸作为手性中心，设计合成了 N-酰胺
基硫脲分子 10，分子内 N-N 键因电子排斥而阻隔了手性信息的传递，苯基硫脲
生色团尚未受到手性信息的影响。加入阴离子如醋酸根离子、氟离子与分子 10
的硫脲基团以氢键作用结合，因分子内及分子间多重氢键网络，受体分子结构刚
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